The 1,2-hydroxyamino unit is ubiquitous in natural compounds and pharmacologically active molecules, thus representing a major synthetic target in organic chemistry. Al though a number of syntheses of β-amino alcohols are available, chem ists still devote considerable efforts towards developing novel strategies for improving atom economy, expanding the scope and maximizing the environmental sustainability of the methods for producing this key structural unit.
Recently, a new paper describing an innovative radicalmediated approach that enables the β-C-H amination of alcohols, which represents the first example of the 'radical relay chaperone' concept, was published by the group of Professor David A. Nagib at The Ohio State University (Columbus, USA). Professor Nagib explained: "Simple, traceless tethers (e.g. imid ates) can be appended to ubiquitous functional motifs -such as hydroxyl groups -to enable directed C-H functionalization of a wide range of molecules, including drugs and bioactive compounds. As a proof-of-principle, we have developed a new and efficient method for the synthesis of β-amino alcohols via the regioselective C-H amination of alcohols." "Previously, the elegant work from the lab of Professor Du Bois (Stanford University, USA) represented the best approach for β-C-H amination of an alcohol derivative (i.e. carba mate)," said Professor Nagib (for references see the original JACS article). "In a similar vein, Professors He (The University of Chicago, USA) and Lebel (University of Montréal, Canada) have reported the only other examples of this reaction, also employing Rh or Ag nitrenoids. Interestingly, for many years following these initial reports, further developments in nitrene-based C-H amination chemistry had been predominantly in the area of γ-C-H amination -as demonstrated, for example, by the important recent contributions of the Wisconsin-based group of Professor Schomaker -leaving an unmet need in the area of vicinal, β-amino alcohol synthesis," added Professor Nagib.
"Our radical-mediated strategy offers synthetic complementarity relative to the use of metal-nitrenes, and also offers the advantage of a broadened scope, which includes the possibility of using a range of unbiased aliphatic alcohols, as well as secondary alcohols," explained Professor Nagib. He continued: "In this paper we included examples of many different classes of alcohols, showcasing a wide range of functional group tolerance that is an important feature of our new radical-mediated approach." "Importantly, we have developed a one-pot protocol in which an alcohol is rapidly converted into its β-amino analogue via in situ conversion into imidates, directed C-H amination, and hydrolysis to NH 2 group," remarked Professor Nagib. "And we think it's pretty cool that this entire process (alcohol to β-amino alcohol) is completed in a single afternoon!"
Professor Nagib revealed that after tirelessly searching for two years to find the right chaperone (and observing many radical-mediated decomposition mechanisms along the way), the group knew that they had achieved a major breakthrough as soon as they tested the imidate-based scaffold, since this chaperone gave quantitative C-H amination at the first try. Professor Nagib joked: "Ethan and Kohki prefer basketball, but they were certainly dancing plenty that day!"
The trichloroimidates that the group employed in this chemistry are quite popular synthetic intermediates thanks to the Overman rearrangement. "Interestingly, in a great biographical perspective, Professor Overman describes the serendipitous discovery of his eponymous rearrangement while he was actually trying to discover a method to convert allylic alcohols into β-amino alcohols, but instead recovered allyl amines," said Professor Nagib, who added with a smile: "We are grateful that Overman's lab was distracted by their beautiful chemistry, allowing us to discover this C-H amination approach to access that original target."
The group borrowed the term 'chaperone' from the field of biology, where it describes a protein that helps to direct the folding of other proteins. "Similarly, we thought this name provided a perfect way to describe our idea that a traceless promoter could interact with a molecule via a common motif (an alcohol in this case), initiate a radical cascade, and then be removed to leave behind a molecule with significantly more value than its precursor," explained Professor Nagib.
The group performed mechanistic experiments to shed insight into the underpinnings of this process, which is the first example of a 1,5-hydrogen atom transfer (HAT) initiated by an imidate radical. "Our experiments indicate that the HAT event is rate-limiting with kinetic isotope effect values up to 8. Stereochemical experiments also differentiate this radical mechanism from the nitrenoid pathway," said Professor Nagib. He continued: "For example, in this β-C-H amination, the stereochemistry is defined by the intramolecular substitution event. Knowledge of this mechanism has enabled us to develop a second-generation chaperone that promotes C-H amination of unbiased, aliphatic alcohols."
The broad impact, significance, and synthetic utility of this chaperone strategy has been demonstrated via β-amination Outside the lab, Ethan, Kohki, and David enjoy running local races that have beer, burgers, and brats at the finish line (but never paint-throwing!). Their other hobbies include watching college basketball, drawing hieroglyphs on papyrus, and enjoying great food, art, and music at Columbus' many summer festivals.
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From left: E. Wappes, K. Nakafuku, Prof. D. Nagib of a wide range of alcohols containing unbiased C-H bonds, tolerating a wide range of biologically relevant functionality (e.g. ethers, esters, amines, organofluorine compounds). "Notably, the oxazoline intermediate can also be further derivatized to a family of β-amines, which have never been previously prepared from alcohols in this manner," said Professor Nagib.
"We anticipate that due to the widespread presence of β-amino alcohols in highly valuable molecules (e.g. pharmaceuticals, natural products, and catalysts), this chemistry will be employed widely," said Professor Nagib. He continued: "Furthermore, we expect that our lab and others' (in both the burgeoning areas of radical chemistry and C-H functionalization) will be able to expand this strategy to develop other useful C-H functionalization reactions."
Concerning future potential applications of the method, Professor Nagib remarked: "While presenting these findings at a recent conference, we were excited by the strong interest we heard from medicinal chemists in industry, who are interested in employing this strategy for the diversification of molecules in their drug-candidate libraries."
He concluded: "Amines are ubiquitous in pharmaceuticals, agrochemicals, and ligand architectures; therefore, we hope that both the academic and industrial communities will take advantage of this new approach to rapidly synthesize β-amino alcohols directly from simple feedstock alcohols. We envisage that the simplicity, mildness, efficiency, and low cost of reagents featured by this strategy will enable a widespread use of radical relay chaperones for a number of synthetic applications."
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INTERVIEW SYNFORM What do you think about the modern role and prospects of organic synthesis?
Prof. R. Martín As chemists, we should be providing crea tive solutions to challenging problems while making them look easy.
SYNFORM Let us know more about your research activi ties in general and what the focus of your group's current research is?
Prof. R. Martín Our research is focused on the discovery of synthetically useful organometallic methodologies, with a particular emphasis on the implementation of earthabund ant nickel catalysts for the functionalization of particular ly strong sigma bonds. In particular, we have designed new nickelcatalyzed reductive carboxylation techniques of organ ic matter with abundant and inexpensive carbon dioxide as C1 synthon, representing a straightforward route for pre paring carboxylic acids from simple precursors under mild conditions and in a userfriendly manner. Our group has also designed new nickelcatalyzed transformations via the acti vation of strong C-O bonds, contributing to the prolific use of simple phenol derivatives as organic halide surrogates, while providing new vistas from a both methodological and mechan istic standpoint.
SYNFORM What is your most important scientific achievement to date and why?
Prof. R. Martín Beyond any reasonable doubt, to find balance between my work and my family, and to make my students love the projects as much as I do while seeing them 
Prof. R. Martín
This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. Editorial Board Focus Synform A7 mature through the years. From a scientific standpoint, our most important scientific achievements have been on the abil ity to promote C-C bondforming reactions via catalytic fixation of CO 2 into organic matter en route to carboxylic acids as well as the design of catalytic technologies for functional izing strong sigma C-O bonds derived from simple phenol derivatives.
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INTERVIEW SYNFORM Please comment on your new role as a Member of the Synlett Editorial Board!
Prof. D. A. Nicewicz I am excited to be a part of the SYN-LETT Editorial Board and to have the opportunity to view the newest science before it hits the press. In addition to my excite ment in joining an excellent Editorial Board steered by Ben List, I am also happy to hear that Rubén Martín will also be joining me on the SYNLETT team -I believe this will create a great mix of young and established scientists that will no doubt strengthen the journal. In this regard, I am eager to learn more and contribute to new ways to improve the submission and review process. As a specific example, it is encouraging to see that SYNLETT is breaking new ground in the latter area with Intelligent Crowd Review, which I believe could be the future of peer review.
SYNFORM What do you think about the modern role and prospects of organic synthesis?
Prof. D. A. Nicewicz Organic synthesis in the 21 st cen tury has to focus on sustainability. There is almost nothing that synthetic organic chemists can't make and so our goal Dave's studies were focused on the development of acyl anion equivalents generated via 1,2-Brook rearrangements from silylglyoxylates, which he was able to successfully apply to a total synthesis of zaragozic acid C to complete his Ph.D. in 2006. Following his graduate education, Nicewicz moved back to his native New Jersey in 2007, where he was a Ruth L. Kirschstein Postdoctoral Fellow in the laboratories of Professor David W. C. MacMillan. It was during this time that Nicewicz pioneered the use of ruthenium photoredox catalysis in combination with chiral amine organocatalysis to develop a general method for enantioselective aldehyde alkylation. In July of 2009, Dave went on to begin his independent career at the University of North Carolina at Chapel Hill, where his laboratory has focused on organic photoredox catalysis for the development of novel chemical reactivity. He has received a number of awards early on in his career from the University of North Carolina (James Moeser Award for Distinguished Research; Ruth Hettleman Prize for Artistic and Scholarly Achieve ment), industry (Boehringer Ingelheim New Investigator Award in Organic Chemistry; Amgen Young Investigator Award; Eli Lilly Grantee Award), private foundations (Packard Fellowship in Science and Engineering; Camille
Prof. D. A. Nicewicz
Dreyfus Teacher-Scholar Award) as well as international recognition (Society of Synthetic Organic Chemistry, Japan Lectureship Award; The 13 th Hirata Award, Nagoya University). In 2015, he was promoted to the rank of Associate Professor, where he leads a research group focused on organic methodology development, catalysis and complex molecule synthesis.
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moving forward should be designing new catalytic processes that avoid the use of toxic or expensive reagents, make use of abundant and renewable chemical feedstocks and design new materials that have a minimal impact on our environment. For these reasons, I truly believe there are a multitude of new opportunities for catalysis, methods development and poly mer chemistry that can be applied and at the same time, are scientifically stimulating.
SYNFORM Please let us know more about your research activities in general and what the focus of your group's current research is?
Prof. D. A. Nicewicz My laboratory's goals, from a broad prospective, are to develop new enabling technologies that speak to the themes mentioned in my previous comment: design new catalytic processes that minimize waste and en vironmental impact by introducing scientifically-stimulating concepts. To this end, my laboratory is focused on the use of simple visiblelightabsorbing organic dyes that catalyze organic transformations via single electron transfer processes. We have employed organic photoredox catalysis for alkene antiMarkovnikov hydrofunctionalization reactions, mole cular rearrangements, arene and alkane C-H functionaliza tion and recently, methods for catalysis of classical reactivity such as the Newman-Kwart rearrangement and nucleophilic aromatic substitution of aromatics. Currently, we are applying some of this methodology to the total synthesis of naturally occurring molecules as well as medicinal agents.
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N-Unsubstituted aliphatic imines have rarely been used in synthetic organic chemistry since this chemistry is affected by several drawbacks, especially the necessity of pre-forming protected imines and subsequently removing the N-protecting group. To solve this problem, the group of Professor Xuebin Liao at Tsinghua University (Beijing, P. R. of China) developed a method to produce in situ N-H imines generated from alkyl azides. In addition, they also explored the reactivity of aliphatic N-H imines and their application in the unusual construction of multi-substituted pyridines or indole derivatives (Scheme 1).
"It is believed that alkyl azides could be ideal precursors for in situ generation of N-H imines, because of their notable features such as: (i) facile accessibility and (ii) environmental friendliness (in fact they only release an equivalent of nitrogen as byproduct)," explained Professor Liao. He continued: "Inspired by the seminal work of Albertin, Park, and Rhee, among others (see the original article for references), we strived to develop a method to produce N-H imines using an earthabundant copper catalyst. With the in situ generated N-H imine methodology, we have successfully constructed multisubstituted pyridines (Scheme 2) and indoles."
Besides that, the group was also pleased to discover that either unsymmetrical 3,5-diaryl pyridines (Scheme 3) or 2,3,5-triaryl pyridines (Scheme 4) could be obtained using this method.
"To the best of our knowledge, this is the first reported transformation of alkyl azides into multi-substituted pyridines or N-H indoles (Scheme 5)," remarked Professor Liao. Sci. Adv. 2017 , DOI: 10.1126 Scheme 1 Novel methodology to synthesize multi-substituted pyridines or indole derivatives Scheme 2 Construction of 3,5-diaryl pyridines "We believe our chemistry has a lot of potential for further strengthening the role of imine chemistry and will be widely applied by the synthetic community. This work was complet ed by a junior student in my group, Lu Hu, and I very much appreciate his hard work and dedication." "Further work is still ongoing in our laboratory," conclud ed Professor Liao. "Firstly, we are continuing to develop other potential applications of imine chemistry. Our attention will mainly focus on exploring chiral catalysis for the application of N-H imines on their downstream transformations. Secondly, we will investigate the details of the mechanism involved in this transformation, through which we hope to achieve chemoselective catalytic transformations of azides to engage them in either nitrene transfer or imine chemistry."
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In Situ Generation of N-Unsubstituted Imines from Alkyl Azides and Their Applications for Imine Transfer via Copper Catalysis
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I would say that we have to tackle paramount social issues, such as energy, water and environment, while continuing to pursue a fundamental understanding of organic reactions.
SYNFORM Your research group is active in the areas of organic synthesis, catalysis and functional materials. Could you tell us more about your research and its aims?
Prof. J.-W. Lee Our group is working on how to use CO 2 more efficiently, while providing added-value products. Due to the high thermodynamic stability of CO 2 , we need to be equipped with selective catalysts for CO 2 activation. There fore, we are studying how to take CO 2 from the atmosphere and transfer it to the reaction flask more efficiently. Here is where solid-state materials come into play with their high affinity towards CO 2 , where the 'captured' CO 2 molecules can be used for organic transformations. In addition, we are inve stigating the unusual behavior of CO 2 -responsive materials, for applications in organic synthesis and water purification. List and collaborators at the Deutsches Textilforschungszentrum. This methodology provides highly reliable, simple, and robust functionalized materials, which can be prepared from inexpensive textiles via one-step modification using light. This allowed us to obtain several catalytic textiles (basic, acidic, chiral, and bifunctional) which showed unprecedented catalytic activity and selectivity in different organic reactions.
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